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By 
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(Department of Psychology, Tohoku University, Sendai) 
This experiment was performed to examine the possibility of the bidirectional 
voluntary control of heart rate (HR) using mental means only. The experiment was 
divided into three phases: voluntary HR control without augmented external feedback 
under the restriction of somatic mediators, especially respiratory factors, (1) by only a 
verbal instruction, (2) by a paced respiration technique; and (3) voluntary control with 
a biofeedback technique under the condition of (2). 
The results indicated that Ss who could sufficiently control their HR without 
external feedback showed rather poorer performance when the biofeedback was used, 
conversely, Ss who could not control HR without external feedback showed greater 
performance. 
At the same time a large individual difference in the ability of control and in the 
magnitude of changes in HR was demonstrated in each experiment. 
INTRODUCTION 
A topic on changes of autonomic functions has been studied by a number of 
investigators in the fields of psychology and psychophysiology. The studies are 
drivided broadly into two categories as a way of approach. One is the studies on 
operant conditioning of autonomic responses, and the researchers intend to resolve the 
problems about learning theories, as they are of the school of initial Miller, N.E. and his 
coworkers. The other is the studies on a voluntary control and some of the researchers 
point to a clinical application. But the distinction between the two has been very 
often argued about (Katkin & Murray, 1968; Wells, 1973), but no definite destinction 
has been acquired as yet. 
So the present study was performed from a position of control as a process toward 
the theoretical issue as to whether the changes are operant or elicited by some somatic 
mediators. 
The first of the primary purposes of present experiments is to examine the 
possibility of the bidirectional voluntary heart rate (HR) control in humans in the 
absence of augmented external feedback (Brener & Hothersall, 1966, 1967; Brener, 
Kleinman, & Goesling, 1969; Levene, Engel, & Pearson, 1968). 
The second is to examine the same problems by the introduction of external 
feedback, that is, a biofeedback technique, and its effectiveness upon control. 
As it has been demonstrated that somatic mediators such as respiration and 
muscular activities have influence on HR (Engel & Chism, 1967; Headrick, Feather, 
& Wells, 1971; Sroufe, 1971), these experiments were designed to remove particularly 
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respiratory influence as much as possible. 
Moreover, as in this kind of studies the individual difference has always come into 
question, this study was focused on the individual data, too. 
Therefore, the same subjects participated in a series of three experiments. 
EXPERIMENT I 
In this experiment it was examined whether or not Ss were able to control their 
own HR in the absence of external feedback, when muscular and respiratory 
mediators were restricted by a verbal instruction only. 
METHOD 
Subjects: The Ss were 14 male students, ranging in age from 20 to 26. 
Apparatus: Electrocardiogram (EKG) was measured with electrodes on the 
extreme lateral margins of the chest, and recorded on a polygraph (NIHON KODEN 
ME-92B). Respiration was measured with a thermister and recorded on the 
polygraph. 
R-R interval of the EKG was measured with a digital counter and recorded and 
analyzed with a VTR system. And the R-R intervals shown in msec was later trans-
formed to instantaneous HRs and HR employed in this experiment was calculated as 
the mean value of the instantaneous HRs for one minute. 
A stimulus presentation panel (60cmx45cm) with two lamps (red and blue) 
which indicate increase and decrease trials was placed in front of the S seated at a 
distance of approximately 50cm. 
Procedure: All Ss were seated on a chair in a sound-and electrostatically-shielded 
room. They were told that the purpose of this experiment was to see whether or not 
they could control their own HR, and that they were required to decrease HR when 
the red lamp was on, and increase HR when the blue lamp was on. Red and blue 
lamp periods alternated for 10 presentations of each. Each lamp was kept on for one 
minute and inter-trial-intervals were 30 seconds. 
Moreover, after the 15-min adaptation period, pre baseline HR was measured for 
one minute, and after the last lOth trial, post baseline HR was also measured for one 
minute. 
They were specifically instructed not to move or tense their muscles and to keep 
breathing (rate and amplitude) as regularly as possible. They were allowed to use 
"mental means" only. 
After the experiment, brief post-experimental interviews were administerd to all 
Ss. 
RESULTS AND DISCUSSION 
The man HRs and respiration rates (RRs) obtained in successive red and blue lamp 
periods are illustrated in Fig. 1. Although both of the mean HRs during increase 
80 T. Kato 
and decrease trials showed a tendency to decrease gradually as trials went on, this 
difference was significant at .001 level (t=4.694, dJ 13). But at the same time the 
difference between two means RRs was also significant at .001 level (t=5.131, dJ 13). 
Moreover, the correlation between HRs and RRs was high (r=0.670, p<.OOl). In 
short, the RR changed with the HR. By visual inspection of the breathing pattern, 
however, there was no difference between the respiration amplitudes (RA). 
With regard to the influence of the respiration on HR, Sroufe (1971) attached more 
importance to RA than to RR, but a strong connection between HR and RR was 
found in this experiment. 
Then, the gradual decrease of HR over the trials was thought to be the result of 
the habituation to the experimental situation or the lowering of an activation level 
which was indicated by the evidence that post baseline HR was far under pre 
baseline HR. 
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Fig. 1 Comparison of mean HRs and RRs of 14 Ss during consecutive increase and decrease 
trials. 
Next, on the basis of the individual difference, individual data are shown in Table 
1. It was demonstrated that there existed a large individual difference in the 
magnitude of changes in HR, RR, and in the correlation between the two, for example, 
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Table l. Differences between mean HR and mean RR during 
increase and decrease trials and a coefficient of 
correlation between HR and RR on each S. 
Ss HR RR r 
1 8.5*1 2.1*1 O. 789 
2 5.3*1 3.5*1 0.869 
3 4. 7*1 5.4*1 0.640 
4 4.6*1 4.7*1 0.131 
5 3.5*3 2.6*3 0.017 
6 4.0*3 3.1*3 0.318 
7 1. 6*4 0.2 0.402 
8 1.9*4 O. 7 0.083 
9 0.8*4 1.2*2 0.099 
10 1.7*4 5.0*2 0.087 
11 2.1 2.9*1 0.436 
12 1.3 2.5*1 0.507 
13 O. 7 2.2*3 0.145 
14 O. 7 2.2*1 0.364 
*1 p<.OOl *3 p<.02 
(by t-test) 
changes ranging 0.8-8.5 beats per minute in HR. 
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According to post-experimental interviews, "mental process" was divided broadly 
into two categories, that is, one was the meditation or imagination associated with the 
individual past experiences and the other was autosuggestion. 
Therefore, these results indicate that human Ss can voluntarily control their own 
HR using some mental means in the absence of external feedback. But from the results 
one may well understand that Ss who could control HR would employ a respiratory 
mediator i.e. RR. 
EXPERIMENT II 
As it was demonstrated in the results of previous experiment that a mere verbal 
instruction was not enough to restrict the respiratory mediator, in this experiment we 
used a method for restricting RR from the outside by using a paced respiration technique 
(Wood & Obrist, 1964). Therefore, it was hypothesized that the magnitude of changes 
in HR would be smaller, if the RR was controlled by the method. 
METHOD 
Subjects: The same Ss employed in experiment I participated in this experi-
ment again. 
The period of approximately a month between the two experiments was prepared 
so as to exclude the influence of the previous experiment. 
Apparatus: A self-produced multi vibrator was used anew as an apparatus to 
control RR. This was able to turn on and off a yellow lamp which was set up on the 
lower part of the stimulus presentation panel. Other apparatuses were identical with 
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those used in the previous experiment. 
Procedure: All Ss were instructed to control their HR, matching their RR to a 
flashing lamp which went on and off at a frequency approximating Ss' normal breath-
ing. The procedure was identical with that used in the previous experiment, except 
that the practice of the paced respiration technique was included in a 15-min adaptation 
period. 
RESULTS AND DISCUSSION 
Results in this experiment are illustrated in Fig. 2. Although the difference of 
mean HRs between increase and decrease trials was not so large as those obtained in 
the previous experiment, this difference was significant at .01 level (t=3.407, df 13). 
However, according to individual data shown in Table 2, a large individual difference 
was found in this experiment, too. 
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Fig. 2 Comparison of mean HRs of 14 Ss during consecutive increase and decrease trials under 
the paced respiration technique. 
Table 2. Differences between intra-individual mean 
HR during increase and decrease trials under 
the paced respiration technique. 
Ss Ss 
1 6.2*1 8 1.6*2 
2 4.9*1 9 -0.8 
3 7.2*1 10 O. 7 
4, 3.2*1 11 1. 9*4 
5 0 12 2.3+2 
6 1. 7+2 13 0.8*4 
7 3.1*2 14 -0.2 
*. p<.OI *8 p<.02 *4 p<.05 
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The reason why for most Ss the magnitude of changes in HR was smaller than 
that in the previous experiment may be thought as follows; the respiration matching 
task added from the outside interfered with their mental process, and as a result it was 
impossible for them to concentrate their attention on the mental activities. 
Moreover, it is interesting that 3 Ss made a larger magnitude of changes, while 
most Ss made a smaller or almost unchanged magnitude compared with the previous 
experiment. 
With regard to RA, there was no difference. 
Therefore, it may be concluded that human Ss can control their HR using mental 
menas only under the restriction of RR, and it is suggested that mental means 
would be an important mediator in controlling HR. 
It seems that whether Ss can control their HR or not in the absence of external 
feedback depends upon how strongly mental activities and HR were classically 
conditioned as Oase 4 suggested in Katkin & Murray (1968). Furthermore, they may 
have great skill with which they can deal with plural tasks simultaneously without 
confusion. 
EXPERIMENT III 
The magnitude of changes was small and varied with the individual, although 
human Ss could control their HR to some degree in the absence of external feedback, 
and Ss who failed to control HR reported that their failure was due to the lack of 
knowledge of the result. Such being the case, a biofeedback technique was used in 
this experiment. 
Then, if this biofeedback was effective, it was assumed that Ss who failed to control 
HR might succeed in it by using it, and the magnitude of changes might be larger in 
all Ss. 
At the same time, ttransfer phenomenon was examined. 
METHOD 
Subjects: The same Ss employed in the previous two experiments also participated 
in this experiment. 
Apparatus: External feedback was given to Ss by both visual and auditory 
means. 
The visual feedback was continuously provided by a pointer of DO voltmeter which 
was connected in parallel with the output of a cardiotachogram (OTG) of the anthor's 
own making. The voltmeter was set just in the middle of the stimulus presentation 
panel. 
The auditory feedback was provided by pure tones through a speaker. That 
is, the output from the OTG was fed into a Schmit trigger circuit, and the trigger level 
was set at the beginning of trials so that approximately 50% of S's beats were below the 
trigger point. So this was of a binary feedback type; they can hear tones when beats 
84 T. Kato 
reach the trigger point, but he can not heart ones when they don't reach the point. 
The apparatus was identical with that used in the previous experiment, except for 
these two apparatuses added anew. 
Procedure: After an adequate explanation of the relation between HR and the 
display of the apparatuses was given to Ss, they were told that their task was to move 
a pointer of the meter to the right and hear as much tone as possible when a red lamp 
was on, while on the other hand, it was not to move the pointer to the right and to do 
their best not to hear tone, when a blue lamp was on. 
After this biofeedback period, a new period was added, in which the external 
feedback was removed and red and blue lamps were presented by 5 trials of each. So 
this "removal" period was identical with the condition of the experiment II. 
RESULTS AND DISCUSSION 
The results obtained both in the biofeedback period and in the "removal" period 
are illustrated in Fig. 3. In the former the difference of mean HRs between two 
trials was significant at .01 level (t=4.079, rlf 13), and in the latter that was 
significant at .01 level (t=3.572, df 13). What differed from the performance 
process in the previous two experiments was the fact that in the biofeedback period 
the magnitude of changes in HR was small up to the 5th trial and became suddenly 
large from the 6th trial. 
Moreover, as compared with the results obtained in the previous two experiments, 
these results showed that the magnitude of changes was the smallest, and the HR 
variability was most reduced in the biofeedback period. 
According to individual data shown in Table 3, most Ss who could control HR 
without external feedback showed rather poorer performance or little change with 
the biofeedback technique, but the magnitude of changes increased again in the 
following "removal" period. Conversely, 2 Ss who could not control HR in the 
previous experiments achieved a statistically significant difference, but it disappeared 
again in the "removal" period. 
Therefore, it may be said that the biofeedback used in this experiment was 
effective for those who could not control HR without external feedback, but it was 
counter effective for those who could sufficiently control HR without external feedback. 
What is regarded as the cause of the counter effect is that the complexity of the 
task required in this experiment interfered with the mental activities for those who 
sufficiently exercise their mental activities. 
With regard to RR, an irregular RR was found in 3 Ss, and they seemed to have a 
tendency to be irregular in the decrease trials only. With regard to RA, 2 Ss seemed 
to have a tendency to be a little shallow in the decrease trials only. The others 
showed almost the same respiration pattern in each trial. 
Next, although the evidence of transfer phenomenon was scarcely acquired, it 
was found in only one S. But according to detailed analysis of his data, it was 
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Fig. 3 Comparison of mean HRs of 14 Ss during consecutive increase and decrease trials in 
the biofeedback period and the removal period. 
Ss 
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2 
3 
4 
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7 
Table 3. Differences between intra· individual mean HR during 
increase and decrease trials in the biofeedback 
Biofeedback 
Period 
2.0*3 
3.5*1 
4.1*1 
2.8*2 
3.5*4 
2.0*3 
0.4 
and the removal periods. 
Removal 
Period 
6.2 
4.0 
6.8 
8.2 
10.7 
1.6 
0.2 
Ss 
8 
9 
10 
11 
12 
13 
14 
Biofeedqack 
Period 
0.4 
3.7*1 
2.6 
0.3 
1.1 
-0.9 
1. 7*1 
Removal 
Period 
1.8 
0.6 
-0.5 
1.8 
0.5 
0.7 
1.1 
*1 p<.OOI *2 p<.Ol *3 p<.02 *4 p<.05 
t Owing to paucity of the numbers of trial, t·test was not performed in the 
removal trial. 
proved that the mediator of overt muscular tention existed in increase trials. Namely 
this phenomenon belonged to a type of the instrumental conditioning of somatic 
activities. 
Finally, Fig. 1, 2, 3 showed that in all conditions of the three present experiments 
there existed difference between increase and decrease trials at the first trial, and the 
difference remained to the last trial. So in order to investigate at what point of time 
in the first trial the difference arose, the mean instantaneous HRs from the first beat 
to the 50th beat in three experiments are illustrated in Fig. 4. 
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Fig. 4. Mean instantaneous HRs from the first beat to the 50th beat during increase and 
decrease trials in the first trial of three experiments. 
From these data it was demonstrated that the difference arose at an early period 
in the first trial in all cases. 
Therefore, as Finley (1970) pointed out, it seems very important to investigate 
the acquired process in relation to one trial learning theory. 
CONCLUSION 
When human Ss attempt to increase and decrease HR using mental means only 
without external feedback, that is, with internal feedback or internal sensations, under 
the restriction of somatic mediators, they can voluntarily control their HR without 
overt respiratory and muscular mediators. 
Mental means used in controlling HR is divided broadly between imagination and 
autosuggestion. 
A biofeedback with the apparatuses employed in this experiment was not so 
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effective to control HR. But it was effective for those who could not control HR 
without external feedback, while it was counter effective for most Ss who could 
sufficiently control HR without external feedback. After all, external feedback 
obstructed in acting mental process, instead of helping to control HR. 
As there existed a large individual difference in the degree of changes, it seems to 
be a kind of ability to control HR. But as indicated by Blanchard & Young (1973), 
the magnitude of changes was not so large in all experiments. Furthermore, judging 
from the fact that it was not impossible but difficult to deal with plural tasks at the 
same time especially in the biofeedback used in this experiment, that is, tasks of watch-
ing a voltmeter, hearing tones, matching RR to a flashing lamp and acting mental 
activities, this experimental design ought to be taken into more consideration. 
In addition to the fact, as only overt somatic mediators were removed in these 
experiments, it will be naturally thought that there existed some covert mediators. So, 
hereafter, it seems necessary to examine especially in detail the influence of RA on HR. 
Moreover, it seems also necessary to examine the influence of mental process on HR, 
and to produce a more effective biofeedback apparatus, and so forth. 
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